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systematic and sustained basis; a comprehensive validation program would
include the assembly of a wide variety of observational data specifically for
the purpose of model validation and the development of a validation
methodology.

The validation of numerical climate models comes from a hierarchy of
tests at different levels, many of which are part of the stock in trade and are
normally not published. Detection of outright errors in a complex computer
code is a formidable task that requires extraordinary care. Tests are also
made to see if the behavior in isolation of individual subsystems, such as
the boundary layer or the treatment of radiation, resembles that established
from field or laboratory observations or from more detailed models based on
known physical principles. The parameters used in a well-constructed climate
model are mostly explicitly derived from such comparisons and are not
subject to arbitrary adjustment or tuning.

Every investigator establishes in a more or less systematic manner the
sensitivity of the conclusions to the boundary conditions applied (such as the
distribution of continents and oceans) and to the parameterizations used.
Only the more significant sensitivities are singled out for explicit discussion
in the literature, but accepted models are based on the judgments of many
individuals independently exploring approaches that are similar in kind but
different in detail. An important role is played by highly simplified models
that approximately reproduce the behavior of the more elaborate models;
such models can be used to explore rapidly a wide variety of situations and
to identify key experiments for more elaborate investigation. Only with such
a background of testing for internal consistency and reasonable overall
structure and behavior does the comparison of model output with actual
observational data begin.

Present State of Model Validation

The primary method for validating a climate model is to determine how well
the model-simulated climate compares with observations. Usually some
verification against observed data is performed during the preliminary testing
of a model, especially in those models with a large number of parameterized
processes, and here it is important to distinguish between model calibration
or tuning and model validation. When, for example, the local heat capacity
in an energy-balance climate model is adjusted to give a realistic phase and
amplitude for the seasonal variation of surface temperature, then this
temperature variation can no longer be used to verify the model's performance.
However, the solutions (if any) for other processes and variables predicted
by the model could be used for validation, as could variations of the
temperature, provided they were not on the same scales of space and time